Background: Overweight and obesity are major risk factors for many chronic diseases in modern societies. A retrospective follow-up study showed an advantage of weight reduction diet (WRD) to fasting therapy concerning long-term weight loss. Objective: Prospective comparison of WRD to fasting therapy concerning long-term weight loss. Methods: From 08/2007 to 02/2009 90 patients with overweight or obesity were observed with a follow-up period of 6 months, who received either a fasting therapy or a WRD in the context of naturopathic complex in-patient treatment including physical activity. Results: During the in-patient treatment the fasting patients loosed significantly more weight than the WRD patients, but regained weight during the follow-up, while the weight loss of the WRD patients persisted. 32% of the fasting and 81% of the WRD patients achieved a 5% weight loss after 6 months. Total and LDL-cholesterol were significantly more reduced, controlled eating habits, physical leisure activity and tendentially physical quality of life increased more after 6 months in the WRD group, while the systolic blood pressure declined more in the fasting patients. Conclusion: Weight loss and improvement of obesity-associated parameters were long-term significantly inferior in fasting patients compared to patients treated with a WRD. The reduced success of the fasting patients is probably caused by the minor lifestyle modification.
Introduction
Overweight and obesity are major risk factors for the development of other chronic diseases. These comorbidities include, among others, cardiovascular disease, diabetes mellitus, dyslipidemia and malignancy [1] [2] [3] [4] . The dietetic standard therapy is the moderately energy-restricted mixed diet with a daily energy deficit of 2100-3350 kJ (500-800 kcal) [5] . To raise the energy consumption an increase in physical activity in everyday life and recreation time is desired.
A retrospective follow-up study [6] examined the question whether a therapeutic weight reduction achieved by an in-patient naturopathic fasting therapy [7] can be maintained over a longer period in patients with overweight or obesity and compared the effects of fasting with a weight reduction diet (WRD). The retrospective results with a mean follow-up of 6.8 years showed an advantage of WRD concerning sustained weight loss, changes in eating habits, increased leisure time activity and improvement in quality of life in relation to body weight.
Regarding arterial hypertension and other diet-related disorders like lipid metabolism many authors point out the need for research on the long-term therapeutic effect of fasting [8] [9] [10] . Data describing the development of blood pressure and serum lipids exist only for the period of treatment, but no follow-up data are published. Concerning total, LDL-and HDL-cholesterol and triglycerides case reports and studies suggest a reduction and in some cases normalization of these values during fasting therapy [11, 12] , but the progress after cessation of fasting is unknown.
Methods

Present investigation
A prospective comparison of fasting effects and the impact of a WRD is published for the first time in this manuscript.
Design
The presented single-center study is an open twoarmed quasi-experimental study with follow-up. Inpatients with overweight or obesity receiving either a modified Buchinger fasting therapy (Table 1) [13] or a WRD as part of a naturopathic complex treatment in the department of naturopathy during the period from August, 2007 to August, 2008 were studied.
Nutrition interventions
The sequence of therapeutic fasting is shown in table 1. WRD means a diet with reduced caloric feed charge. Patients receive a well-balanced low-fat and modified fat wholefood basic diet with a daily energetic deficit of 2100-3350 KJ (500-800 kcal). The food contains ~50% carbohydrates, ~30% fat and ~20% proteins. Restriction of animal fat leads to less than 7% of saturated fatty acids. Dietary fibers and complex carbohydrates ensure a prolonged feeling of satiety.
Additionally, patients got as part of the naturopathic complex in-patient treatment concomitant non medicinal treatments [14] . Details of the inpatient naturopathic complex therapy are defined by the OPS 8-975.2x in the German DRG-System [15] . Details of of this OPS are given in table 2.
Naturopathic complex therapy consists of bodymind-therapy {"Ordnungstherapie"}, nutritional therapy, exercise therapy, phytotherapy and hydro-/thermoand balneotherapy as well diverting and detoxifying measures. Exercise therapy consisted of 60 minutes guided walking in the nature (up and downhill) five times per week. Assuming a mean body weight of 91 kg the caloric consumption of this guided walking for 60 minutes amounts to approximately 675 large calories [kcal] or approximately 3380 kcal per week. Hydrotherapy included exercise therapy in a swimming bath under physiotherapeutic guidance for 30 minutes three times per week. Assuming a mean body weight of 91 kg the caloric consumption of exercise therapy in a swimming bath for 30 minutes amounts to approximately 429 large calories [kcal] or approximately 1290 kcal per week (Note: the factual use and distribution of the other naturopathic treatments in both treatment groups is delineated in table 9).
After dismissing from hospital no further intervention related to the study happened with the exception of the telephone interviews after 3 and 6 months. Patients were advised on dismissing to continue with physical activity and alterated nutrition as taught during the hospital stay.
Primary and secondary objectives
The primary objective of the present study is the weight loss after 6 months of patients who received in-patient fasting treatment in comparison to those receiving a WRD. A mean difference of 3 kg between the treatment groups was considered clinically significant:
A permanent reduction of 5% of the starting weight is considered a success [1, 16] and a general goal of therapy in both German [5] and U.S. American guidelines [17] . On the other hand, health benefits arise already from an absolute weight reduction of more than 2.25 kg [16, 18] .
Secondary objectives are a weight loss of ≥ 5% of the initial weight after completion of in-patient treatment and after 6 months, the development of systolic and diastolic blood pressure, serum concentrations of total, LDL-and HDL-cholesterol, triglycerides and glucose, the change in the eating habits with the dimensions of cognitive control, distractibility of eating behavior and hunger feelings as well as changes in physical activity and quality of life.
Statistical analysis
Data entry, statistical analysis and generation of graphs were performed using the software SPSS version 17.0 and OpenOffice.org 3.0.1.
The necessary sample size for an α-error of 0.05 and a β-error of 0.2 (meaning a power of the study of 80%) was calculated using the software G* Power Version 3.0.10 [19] . The standard deviation was estimated according to the results of a meta-analysis for the dietary treatment of obesity at 4.3 kg [20] . Under these conditions the minimal total number of required patients for the two-tailed t-test for independent samples is 68 subjects (34 per group). An expected drop-out rate of 25% led to the planned inclusion of 90 patients in this study.
Statistical testing of the primary objective was performed using the Student's t-test for dependent samples after verifying the prerequisites Gaussian distribution and homogeneity of variance by the Kolmogorov-Smirnov test and the Levene test. Secondary objectives were characterized by mean, median, minimum, maximum and standard deviation. Frequencies were calculated for nominal and ordinal data as absolute number and relative ratio. If applicable (Gaussian distribution and homogeneity of variance) statistical testing of metric data was performed using the Student's t-test for dependent and independent samples, otherwise the Mann-Whitney U test and the Wilcoxon signed-rank test. Statistical testing of ordinal and nominal scaled data was performed using the chi-square test (Pearson or Fisher's Exact test). The significance level was generally set to 5%. As an empirical measure for the effect of statistically significant results the effect size was calculated ex-post [21] . 
Ethical approval
Questionnaires and measurements
The following questionnaires were used: Questionnaire on eating behavior (Poodle and Westenhöfer; FEVexpanded German translation of the TFEQ) [7, 22] , Freiburg questionnaire on physical activity by Frey and Berg (FFKA) [23] , general health questionnaire (SF-12; shortened form of SF-36) [24] . At the beginning of the study the general medical history and the specific history of obesity was recorded.
The parameters were measured at six points of time:
The day before the start of the nutritional therapy (t 0 ), the fourth treatment day (t 1 ), the seventh day of therapy (t 2 ), the day of hospital discharge (t 3 ), follow-up three months (t 4 ) and six months (t 5 ) after the discharge.
At all times (t 0 -t 5 ), weight, blood pressure and laboratory parameters serum glucose, triglycerides, total cholesterol, LDL and HDL cholesterol were measured. Blood samples were taken in the morning after 12 h of fasting and before taking any medication. The body weight was determined with the calibrated electronic scale Omron BF500, using a standardized scheme: fasting state in the morning and light clothing. The arterial blood pressure was determined indirectly by the Riva-Rocci method in the morning in the fasting state and after five minutes of rest in a sitting position using a mechanical aneroid-manometer and a stethoscope. Before the nutritional therapy (t 0 ) and at the follow-up appointments (t 4 , t 5 ) eating behavior, health related quality of life and the physical activity of the patients were examined by the questionnaires described above.
Subjects
Patients aged from 18 to 75 years with overweight or obesity (BMI ≥ 25 / ≥ 30 kg/m²) and who were prescribed fasting therapy or a WRD as a form of nutritional therapy in the context of in-patient naturopathic complex treatment were included. Exclusion criteria were pregnancy, lactation, participation in another study simultaneously or in an organized weight-reduction program, actual medication against obesity, condition after extensive bowel resection or bariatric treatment, inflammatory bowel disease, malignant disease, postoperative nutritional deficit, hepatic or renal failure, insulin-dependent diabetes mellitus, not compensated hypothyroidism or hyperthyroidism, coronary heart disease or acute or chronic cardiac arrhythmia, eating disorders like anorexia nervosa, bulimia or bingeeating disorder, severe psychiatric disorders, addictive disorders and dementia. The acquisition of patients from August 2007 to August 2008 is outlined in figure 1 . After checking the inclusion and exclusion criteria the patients were allocated to the test group (fasting therapy) and the control group (WRD) by medical prescription (Figure 1 ).
The mean length of hospital stay in both groups was 16.2 ± 2.2 days. Patients with WRD were given the appropriate nutrition therapy diet throughout the entire inpatient stay, 15.1 ± 2 days. The fasting therapy lasted on average 8.2 ± 1.6 days with a subsequent fare buildup of 3.4 ± 0.5 days. All fasting patients were given a WRD for the remaining in-patient stay of 3.3 ± 2.5 days. Biometric and demographic characteristics of the study population are given in table 3. Table 4 shows the main diagnoses of both study groups, table 5 the secondary metabolic and vascular diagnoses and table 6 the other diagnoses of the study participants at the baseline interview.
In table 7 medication with potential weight-increasing effect at baseline is listed, table 8 shows the total medication at baseline.
A summary of the therapies applied in in-patient complex naturopathic treatment is given in table 9.
Results
2 patients per study group withdrew their informed consent during their in-patient treatment, participation ended prematurely. 2 patients discontinued the prescribed fasting therapy, 2 patients felt the requirements of the study to be too strenuous in the context of their diseases. Of the 86 (95.6%) at discharge still participating patients 75 (83.3%) appeared at the first follow-up after 3 months. 1 patient of the fasting group was hospitalized due to diverticulitis, another patient developed malignant disease. Another 2 patients after fasting therapy and 4 patients after WRD withdrew their informed consent before the first follow-up. One previously fasting patient and 2 patients of the WRD group could neither be reached by phone nor by mail and were lost to follow-up. In between the two follow-up observations another 5 persons terminated their participation in the study: 1 patient of the fasting group experienced a strong progression of her chronic polyarthritis requiring hospitalization, 1 patient of the WRD group suffered a herniated disc, which immobilized her. 2 other patients, 1 each per treatment group, lost their motivation for the second follow-up and one person after WRD gave no reasons for the withdrawal of his informed consent. 38 patients (80.9%) after fasting therapy and 32 patients (74.4%) after WRD appeared for the second follow-up after 6 months (overall follow-up rate of 77.8%).
At the beginning of the treatment, there were no significant group differences regarding all evaluated parameters (Table 10 ).
Only significant differences at 6 months are described in detail:
In the fasting group mean weight reduction after 6 months was 3.2% (mean effect size), in the WRD group 8.4% (strong effect size; significant difference). Regarding the 5% success criterion significantly more WRD (81%) than fasting (32%) patients were successful.
After 6 months total cholesterol and LDL-cholesterol was significantly reduced only in the WRD group (7.1%, strong effect size respectively 11.3%, medium to strong statistical effect), with a significant difference between the groups in favor of WRD. HDL cholesterol increased in the fasting group by 5% and in the WRD group by 5.7% (both significant, small to medium effect, no significant difference between groups).
The systolic and the diastolic blood pressure decreased significantly in the fasting group (4.8%, mean effect size, respectively 2.6%, small to medium effect size), in the WRD group only by trend (3.2% respectively 2.6%, but no significant differences between groups). In hypertensive patients the systolic and the diastolic blood pressure decreased in the fasting group (n=15) significantly (6%, strong effect size, respectively 4.9%, medium effect size). The mean decrease in the WRD group (n=13) was not significant (4.7% respectively 3.8%, but no significant differences between groups).
Concerning eating behavior the increase of the cognitive control score and the rigid control score increased and the experienced feeling of hunger decreased in the fasting group only by trend (11.7% respectively 15.6% respectively -9.8%), while the changes were significant in the WRD group (28.2%, moderate to strong effect size, respectively 19.6%, small effect size, respectively -20%, but only significant difference between groups for the second parameter, medium effect size).
The flexible control score increased and the distractibility scores decreased significantly in both groups (33.2%, medium effect size, and -11.5%, small effect size, respectively 58.5%, strong effect size, and 25.4%, medium effect size, with significant respectively borderline group differences, medium effect size). Leisure time activities such as walking, cycling, dancing and bowling increased significantly in both groups (37% respectively 114%, significant difference between groups).
Physical quality of life improved significantly in both groups (12%, small to medium effect size, respectively 20%, mean effect size, no significant difference between groups).
Discussion
This prospective study confirms the main findings of our previous retrospective study [6] concerning weight development. The retrospective study also showed already a clear and statistically highly significant difference between the groups regarding the long standing post discharge dietary changes, the persistent increase of leisure activity and the sustained improvement in quality of life in relation to body weight.
Both treatment groups of this prospective study achieved a clinically significant mean weight loss of more than 2.25 kg. Several studies demonstrated the health benefit arising from a weight loss of this magnitude [16, 25] . So far available therapies reach an average loss of weight after 6 months between 2.4 and 8.4 kg dependent on the type of intervention. Thus the fasting group (2.9 kg) is in the lower part and the WRD group (7.5 kg) in the upper range [20] . Sustained weight reduction by more than 5% is associated with significant health benefits and therefore frequently used to quantify the effect of a obesity treatment [1, 16] . It is the first general treatment goal in the German and U.S. guidelines for obesity treatment [5, 17] . Concerning this criterion the WRD group is more successful (81% versus 32%). Besides the absolute weight loss the prevention of subsequent weight increase after the end of a therapy is a significant problem in the treatment of obesity [26] . The fasting patients regained almost half of the initially achieved weight loss (2.7 of 5.6 kg) after 6 months in the present study. In contrast the WRD patients were able to continue their weight loss at discharge (3.1 kg) leading to more than double weight loss (7.5 kg) after 6 months. The effects of fasting on glucose homeostasis are one possible explanation for the observed weight regain after fasting therapy. Chaput et al. showed in a recent study on energy-restricted diet that post-therapeutic low serum glucose concentrations in the oral glucose tolerance test correlate with a longterm weight gain by increased energy intake [27] . In this study fasting patients reduced their serum glucose level before food-intake in the morning within the first 7 days much more (27%) than WRD patients (7%).
Studies on obesity treatment showed a significant correlation between the decrease in serum leptin and the increase of perceived hunger [28, 29] . This mechanism is also a possible trigger of a positive energy balance through increased food intake after fasting therapy. The observed weight curves after fasting therapy resemble the results of VLED (very low energy diet) and VLCD (very low calorie diet; daily energy intake <3350 KJ [<800 kcal]). A systematic review of randomized controlled trials that administered a VLED for obesity therapy showed a higher initial weight loss than other diets. Cessation of therapy resulted -similar to the fasting group in this study -in a regain of about 40% of the achieved reduction after 6 months [20] . The failure was attributed to the lack of change in diet after treatment, since no healthy diet was "learned" by "passive" taking prepared meals, in spite of regularly nutritional counseling -as in the present study. Lack of the practical experience that "healthy food" with moderate reduced energy content and reduced fat content can be tasty and satiable probably cause the absent weight stabilization after fasting therapy.
The guidelines of the "Medical Society for Therapeutic Fasting and Nutrition" include hyperlipidemia and type 2 diabetes mellitus as well-established indications for fasting therapy [30] . But long-term effects of fasting on serum lipids and serum glucose were not previously published. The WRD group experienced significantly greater reductions in total cholesterol and LDLcholesterol than the fasting group after 6 months. The changes of HDL-cholesterol, triglycerides and glucose were not significantly different after 6 months. Regarding the continued weight loss in the WRD group the reduction in LDL cholesterol is probably caused by a systematic change of diet. The trend of serum glucose in diabetic patients suggests an inferiority of fasting therapy to WRD. The reason might be again the better implementation of lifestyle modification and eating behavior in the WRD group.
Summing up no clinically important changes in serum lipids and serum glucose were detected in patients after fasting therapy in the long-term course.
The observed reduction of blood pressure in the fasting group corresponds to the results of other studies on therapeutic fasting [11, 31] . In literature and in the present study a greater reduction was observed in patients with arterial hypertension [11] . The four times higher weight adjusted blood pressure reduction of fasting patients cannot be explained by weight loss alone. The present study suggests a continuous long-term effect of fasting therapy on blood pressure beyond the sole effect of weight loss, confirming the hypothesis of McCarty [10] of specific blood pressure lowering mechanisms induced by fasting therapy. Hyperinsulinemia caused by adipositas is blamed to raise blood pressure by sodium retention, activation of the sympathetic nervous system and reduction of endothelial nitric oxide [10] . Kolanowski et al. showed a significant decrease of insulin levels and triggering of natriuresis by fasting [32] . Both serum insulin levels and insulin response to glucose strain are reduced by fasting and may contribute to the reduction of blood pressure [12] . Another effect of fasting on the regulation of the natriuretic peptides ANP and BNP may also lower blood pressure [33] . However, the initial advantage of fasting therapy compared to WRD did not last for the 6 month follow-up period. But regarding the hypertensive subpopulation the blood pressure parameters (systolic and diastolic) remained significantly lowered after 6 months in the fasting group-in contrast to the WRD group, though statistical comparison between the groups was Table 6 : Other diagnoses (baseline) of the study participants.
Diagnoses
Fasting Therapie WRD All n = 47 n = 43 n = 90 n % n % n % n (%) n (%l) n (%)
Number of patients with ≥ 1 of these medicaments 16 (34%) 17 (40%) 33 (37%) Only one significant difference between the groups in the hormone replacement therapy (p=0.048). not significant. Because of these ambiguous results the evaluation of therapeutic fasting in arterial hypertension remains an interesting topic.
Cognitive control of eating behavior increased in both groups, distractibility of eating behavior and feelings of hunger were reduced after 6 months. In particular the increase of the flexible control is related to an advantageous weight development [34] . While the increase of the rigid control is similar in both groups, the increase of the flexible control is nearly twofold in the WRD group (59%) compared to the fasting group (33%). This suggests that fasting patients were not able to apply the content of nutrition teaching as well as the WRD patients. The probable cause is the practical exercise during the in-patient treatment in the WRD group: These patients trained their skills by choosing the foods from the buffet and experienced their weight loss in association with altered behavior. Fasting patients learned this first as a theoretical concept and experienced the greatest weight reduction without a change in diet convertible into daily life. Current reviews as well as evidence-based guidelines of the American College of Sports Medicine and the American Heart Association recommend a daily exercise target of 60-90 minutes of mild to moderate activity for long-term stabilization of a reduced body weight [35] [36] [37] . This claim was met by the WRD patients (77 minutes / day), while the fasting patients remained below the target range (57 minutes / day). The increase in physical activity was generated by enhancement of leisure time activity, not base or sports activity. Recreational activity increased by 0.76 h/week (37%) in the fasting and 2.44 h/week (114%) in the WRD group (significant difference). The increase of recreational activity correlated significantly in both groups with the loss of weight.
A clear negative association exists between increasing body weight and decreasing self-rated physical health and vitality as well as social functioning [38] . Weight reduction is associated with a significant improvement of these limitations [18] . In the present study the HRQL (SF-12) increased in both groups, with a tendency of the physical quality of life (KSK) towards greater improvement after 6 months in the WRD group (20% vs. 12%, p=0.354), which can be explained by the greater weight loss of the WRD patients.
Limitations of this study arise from the recruitment of the participants: Only female multimorbide patients, who were so ill that an inpatient treatment for two to three weeks was justified, though multimorbidity may be a characteristic of overweight elderly members of our society. The intense individual and group nutritional therapy, the individual and group "Ordnungstherapie" (body-mind-medicine) and the individual and group physiotherapy and exercise therapy could probably hardly be achieved in an ambulant setting.
A pilot phase revealed that a randomized attribution of the patients to the treatment arms was impossible -for individual reasons of the patients, for example existing or missing motivation for fasting, but also for medical reasons and individual decisions of the treating physician when considering the whole disease complex of a patient including psychiatric concomitant disease. Therefore there may be uncontrolled confounders between the treatment groups. For example motivation to change was certainly higher in the fasting group. But usually it would be expected that higher motivation for change would lead to a better long term outcome. In fact the opposite was the case.
Reverse causation concerning the main target criterion should not occur because of the prospective character of this study. Possible reverse causation between treatment results, for example decreasing weight causing more ability and motivation for exercise therapy, and on the other hand more exercise therapy causing burning of fat and by this weight reduction, would not be a problem but a desired side effect, if occurring. Total patients 47 43 90 No significant differences between the groups * Physical activity: Swimming, walking, treadmill, training bike, physiotherapy "Placebo treatment" was not possible, nor a third group with WRD diet alone, because participants of the study were recruited in an in-patient setting. In Germany an inpatient treatment of more than 2 weeks for WRD alone would not be paid by the health insurances. An ambulant control group with written instructions would probably perform the WRD in a different way and with less compliance. It is generally accepted that the combination of nutritional therapy and physical activity is essential for the treatment of obesity -as happened in our in-patient setting and was [partially] continued during the ambulant follow-up-phase. Placebo effects therefore cannot be judged with certainty. The topic of this study concerning weight development over time after a special intervention depends on the scientifically known factors of nutritional intake, physical exercise, metabolic and endocrinologic particularities of the individual patient. The latter may be susceptible to placebo effects, but there are no recognizable reasons for essential differences between the treatment groups. Even the numerous additional diagnoses of the participants are distributed equally in both treatment groups at start (Tables 4 and 6 ), although randomization was impossible.
Conclusions
This study shows long-term inferiority of in-patient therapeutic fasting -modified according to Buchingercompared to a WRD as a standard therapy for obesity, with respect to the main objective of this study -the loss of weight after 6 months -as well as most secondary objectives of this study. The lesser extent of lifestyle modification in the fasting group appears to be causative. Whether these findings can be conferred upon other types of fasting therapies or upon fasting for healthy persons, remains subject for future research. Table 10 : Overview of the findings in the two treatment goups receiving a modified Buchinger fasting therapy respectively a weight reduction diet. 
